Calcium antagonists
are structurally het erogeneous organic compounds that are generally classified into four major groups: 1) 1,4-dihydropyridines (1,4-DH Ps) : nifedi pine, nicardipine and nimodipine, 2) phenyl alkylamines: verapamil, 3) benzothiazepines: diltiazem and 4) diphenylpiperazines: flunari zine and cinnarizine (1) . The structural heterogeneity of these compounds is con sistent with their different clinical, phar macological and electrophysiological effects (2) (3) (4) .
KB-2796, 1-[bis(4-fluorophenyl) methyl] -4 (2,3,4-tri methoxybenzyl) pipera zine dihydrochloride, is a newly synthesized calcium antagonist which has a diphenyl piperazine moiety (5) . KB-2796 has been reported to selectively inhibit the contraction of cerebral arteries induced by K+ and prostaglandin F2a (6) and to markedly increase cerebral blood flow in immobilized cats (7) .
Recently The purpose of this study was to charac terize the interaction of KB-2796 and other diphenylpiperazine derivatives with the 1,4 DHP binding site in cerebral cortex mem branes. In addition, we examined the effects of diphenylpiperazines on vertebral blood flow in anesthetized dogs.
Materials and Methods

Membrane
preparations: Male Hartley guinea pigs (350-500 g) were killed by decapitation, and the cerebral cortex was rapidly removed. The cerebral cortex was homogenized in 10 volumes of 0.32 M sucrose using a Teflon-in-glass homogenizer (10 full strokes at 1,000 rpm). The homo genate was centrifuged at 1,000 x g for 10 min at 4°C, and the supernatant was cen trifuged at 48,000 x g for 10 min at 4'C to form a mitochondrial-synaptosomal pellet. The pellet was resuspended in 20 volumes of 50 mM Tris-HCI buffer (pH 7.4) and washed three times by centrifugation at 48,000xg for 10 min at 4°C. The final pellet was resus pended to a concentration of about 15 mg protein/ml buffer, and the membrane fraction was stored at -70°C until used. The con centration of protein was determined by the method of Lowry et al. (15) using bovine serum albumin as the standard.
[3H] NTD binding: Synaptosomal mem branes (500 ,ug protein) were incubated for 60-90 min at 37'C in a total volume of 2 ml of 50 mM Tris-HCI buffer (pH 7.4) with various concentrations of [3H] NTD (0.1-4 nM) and drugs. After incubation in a dark tube, membrane bound [3H] NTD was trapped over Whatman glass filters (GF/C), and the precipitates were washed three times with 4 ml aliquots of ice-cold buffer. The filters were placed in scintillation vials with 10 ml of scintillator for at least 6 hr, and the radio activity was counted by a Packard liquid scintillation counter at an efficiency of 45%.
[3H] NTD binding in the presence of 1 /IM nifedipine was defined as nonspecific binding, and this was subtracted from the total binding to obtain specific binding. Nonspecific bind ing accounted for about 30% of the total binding. The IC50 value (the concentration of drug producing a 50% inhibition of specific [3H] NTD binding) and the apparent Hill coefficient of the drug were determined by Hill plot analysis (16) .
Measurement of vertebral -blood flow: Vertebral blood flow was determined in the anesthetized dog as described by Kato et al. (17) . Mongrel dogs of either sex (11-18 kg) were anesthetized with sodium pen tobarbital (30 mg/kg, i.v.). The dogs were ventilated with room air by a respirator (SN 480-4, Shinano). The right vertebral artery was isolated from the surrounding tissues, and the vertebral blood flow was measured con tinuously with an electromagnetic flow meter (MFV-2100, Nihon Kohden). The drugs were injected into the right femoral vein. The vasodilator activity of the drug was deter mined as the ED30 value (the dose of drug producing a 30% increase of basal blood flow).
Statistical analysis: Unless specified, the experimental values shown in the text, tables and figures are expressed as the mean± S.E.M. The IC50 and ED30 was calculated using a linear regression analysis program on a personal computer (PC-9801, NEC). Differ ences were tested for significance by Student's t-test or the paired t-test, and P<0.05 was taken as indicating statistical significance.
Drugs: Nifedipine, nimodipine, KB-2796 and other diphenylpiperazines were syn thesized in the Synthetic Chemistry Depart ment of Kanebo, Ltd. [5-methyl-3H] NTD (specific activity, 87 Ci/mmol) was obtained from New England Nuclear. The following drugs were purchased from the companies listed: flunarizine, cinnarizine and nicardipine
For binding studies, the diphenylpipera zines were dissolved in a 0. (Fig. 1) . (Fig. 3) . In the absence of diphenylpiperazines, the dissociation rate constant (k_1) was 0.32±0.02 min-'. In the presence of 10 ,aM KB-2796, 10 ,uM flunarizine and 10 / M cinnarizine, the k_1 values were significantly increased to 0.90± 0.07 min-' (P<0.01), 0.95±0.12 min-' (P< 0.05) and 0.85±0.14 min-' (P<0.05), respectively.
Effects of diphenylpiperazines on vertebral blood flow: The diphenylpiperazines tested dose-dependently increased vertebral blood flow in anesthetized dogs (data not shown), and the ED30 values are shown in Table 1 . In conclusion, the present study indicates that KB-2796 inhibits the 1,4-DHP binding by a negative heterotropic allosteric mecha nism. This finding suggests that KB-2796 acts at a site, which is distinct from the 1,4 DHP binding site, on the voltage-dependent calcium channel.
In order to analyze the detailed properties of the binding site for KB-2796, however, further studies are needed.
